Aim: Documentation of marginal bone resorption caused by implant-supported mandibular overdentures is scarce. This study sought to evaluate marginal bone resorption, survival rate, patient satisfaction, peri-implant soft tissue status, and prosthetic aftercare of mandibular overdentures supported by two vs four implants. Materials and methods: This retrospective cohort study evaluated 92 edentulous patients presented to the Implant Center of Tehran University of Medical Sciences; out of which, 46 patients received overdentures supported by two Implantium implants (group A), while the remaining 46 received overdentures supported by four Implantium implants (group B). Standard radiographic indices were assessed following the delivery of overdenture and after 2 years of functional loading. Clinical evaluation was performed after 2 years of function. Data were analyzed using the t test (for continuous variables) and the Mann-Whitney test (for ordinal variables). Results: In group A, two implants were lost in one patient. The groups were not significantly different in terms of clinical or radiographic parameters (p > 0.05). Patient satisfaction and prosthetic aftercare were not significantly different in groups A and B (p > 0.05). Conclusions: During the 2-year evaluation period, the clinical and radiographic parameters were the same in patients who received overdentures supported by two or four implants. Clinical significance: Successful results may be obtained by the use of mandibular overdentures supported by two or four implants.
IntroductIon
Edentulous patients with severely resorbed mandibular alveolar ridge are not often satisfied with their conventional denture due to its mobility. 1, 2 Such patients mainly complain of their decreased chewing ability and insufficient retention or stability of denture. 3 To overcome this problem, endosseous implants can be placed in the mandible to provide support for the overdenture. 4 This treatment modality significantly enhances patient satisfaction since it improves mastication and chewing efficiency. Two or more implants can be placed in the mandible to support an overdenture. Evidence shows that two implants are adequate to ensure clinical success of treatment. 5 A treatment concept utilizing a two-or four-implant-supported mandibular overdenture is generally recommended. 2, 6 Controversy exists regarding the adequate number of implants to support an overdenture; the most commonly adopted choice is either a two-or four-implantsupported overdenture. 7 More studies are required to assess and compare the efficacy of two-and four-implant-supported overdentures. 8, 9 No previous study has reported the clinical and radiographic outcomes of the placement of two or more implants to support mandibular overdentures. Therefore, this study aimed to evaluate marginal bone loss, survival rate, peri-implant hard and soft tissue status, prosthetic aftercare, and level of satisfaction of patients who received two-and four-implant-supported mandibular overdentures during a 2-year period.
MAterIAls A n d Methods
This retrospective cohort study followed the principles of the Declaration of Helsinki. Also, this study was reviewed and approved 1, 3, 5 Dental They all received a maxillary complete denture and a two-or fourimplant-supported mandibular overdenture (Dentium, Seoul, Korea). The retention mechanism of the overdenture was ball attachment in two-implant-supported overdentures and ball and bar in four-implant-supported overdentures; 46 patients received two Implantium implants (group A), while the remaining 46 received four Implantium implants (group B).
The inclusion criteria were good oral hygiene and absence of systemic conditions affecting bone metabolism or oral mucosa, such as diabetes mellitus, renal disease, and osteoporosis.
The exclusion criteria were a previous history of radiotherapy in the head and neck region, heavy smoking (> 20 cigarettes/day), severe parafunctional habits causing prosthetic tooth wear or denture fracture, history of implant failure, and life-threatening diseases (American Society of Anesthesiologists (ASA) classifications III and IV). 10 The patients were provided with necessary information about the study. Written informed consent was obtained from all participants in full accordance with the ethical principles by someone who did not participate in the study design. The patients were subjected to clinical and radiographic examinations and filled out the satisfaction questionnaire.
Clinical Analysis
All measurements were performed by an independent observer. The lost implants and those with mobility were scored. The presence of plaque (Table 1 ) and calculus (Table 2 ) and the bleeding score (Table 3) were evaluated as described by Mombelli et al. 11 The modified Loe and Silness index was used to assess peri-implant inflammation (Table 4) . 12 Probing depth was determined at four sites around each implant (mesial, distal, labial, and lingual). A periodontal probe was used for this purpose. The pocket probing depth was measured as the distance between the gingival margin and the periodontal probe tip. The percussion test was also carried out (Table 5 ). Periotest (Periotest M, Medizintechnik Gulden, Germany) was used to assess implant mobility. In order to determine any sensory disturbances, the patient's lip and chin regions were touched with a cotton pellet.
Radiographic Assessment
Digital periapical radiographs were obtained with the parallel technique, such that the length of the implants on consecutive radiographs would be relatively constant. 13, 14 Radiographs were examined by one calibrated examiner. Prior to radiography, the system was calibrated using the implant diameter to account for image distortion. The linear distance between the proximal crestal bone level and the implant shoulder was measured at the mesial and distal aspects of the implant. Measurements were performed using image measurement software (Planmeca Romexis Viewer, Planmeca USA). The actual implant length was used to remove magnification of all radiographs. To detect marginal peri-implant bone loss, the last radiograph (T2: obtained 2 years after overdenture delivery) was compared with the previous one (T1: obtained after prosthodontic treatment) by two experienced examiners.
Patient Satisfaction
A questionnaire focusing on patient complaints was used, which consisted of 51 items regarding the functional problems of the lower and upper dentures, speech, retention, mastication, facial aesthetics, and denture aesthetics. The severity of each complaint was reported using a four-point scale (0 = no complaint, 1 = slight, 2 = moderate, and 3 = severe complaint).
15

Data Collection
At T1 and T2, the patients underwent clinical examination and filled out the patient satisfaction questionnaire. Also, the patients were requested to continuously score the prosthetic and surgical aftercare during the 2-year functional period.
Statistical Analysis
Data were analyzed using the t test (for continuous variables) and the Mann-Whitney test (for ordinal variables). Pearson's correlation test was used to assess the correlation between variables via Statistical Package for the Social Sciences (SPSS) version 22.0 (SPSS Inc., IL, USA). A p value of <0.05 was considered to be statistically significant.
results
At T2, two patients in group A and one patient in group B were lost to follow-up. No significant differences were observed between the two groups.
Clinical Parameters
One patient in group A lost two implants during the 2-year functional period (99.2% survival rate at 2 years following loading).
Periodontal Parameters
The two-and four-implant groups were not significantly different in terms of pocket probing depth, plaque index, calculus score, gingival score, or bleeding score. Table 6 lists the mean scores of peri-implant parameters. Suppuration upon probing was not seen in any of the patients. Severe inflammation, marked redness and edema, and ulceration 
Sensory Disturbances of the Lip and Chin Region
None of the patients had sensory disturbances of the lip and chin region. Table 7 shows the mean scores acquired by patients in the patient satisfaction questionnaire. The two groups were the same with regard to patient satisfaction.
Patient Satisfaction
Radiographic Parameters
A total of 176 radiographs of 88 patients were evaluated. Marginal bone loss was nonsignificantly greater in group A. Radiographic findings had no correlation with other periodontal parameters. The average bone loss was 0.3 mm in group A and 0.2 mm in group B during the 2-year period. The two groups were the same in terms of bone loss.
Postoperative Care
Prosthetic aftercare mainly consisted of placing new clips and denture base repair. No surgical interventions were required in the groups. The overall prosthetic aftercare is listed in Table 8 .
dIscussIon
This study examined the treatment outcome in patients who received mandibular implant-supported overdentures. The survival rate, complications, aftercare, peri-implant parameters, and patient satisfaction were all evaluated.
In this study, a 2-year survival rate of more than 99% was observed for Implantium (Dentium, Seoul, Korea) implants, which is comparable to the rates reported by some other studies ranging from 86% to 99%. 4, [16] [17] [18] [19] [20] [21] Meijer et al., compared two-and four-implant-supported overdentures and found no significant difference. 24 Visser et al., reported 100% and 98% survival rates for four-implant-and two-implant-supported overdentures, respectively. 4 The survival rate reported by Wismeijer et al., was 97%. 22 This rate was 99% in a study by Batenburg et al. 6 Fixture loss in mandibular overdentures had a frequency of 6% in a study by Engquist et al. 23 This may be explained by the patient selection. Engquist et al., used overdentures for patients with severely resorbed jawbone not allowing placement of an adequate number of fixtures for a bridge (56%). In this study, patients with extremely resorbed jawbone comprised only 2% of the study group. Additionally, it should be noted that a study conducted in Sweden reported 1% failure rate after loading.
The necessity to reattach the loose clips or replace them was the most frequent complication of implant-supported overdentures in our study. This study showed a similar rate of prosthetic complications in two-and four-implant groups, which is different from the findings of Visser et al., 4 who reported a higher need for prosthetic aftercare in patients with two-implant overdentures compared to those with four-implant overdentures. However, Meijer et al., 24 and Stoker et al., 25 found no significant difference in prosthetic maintenance of two-and four-implant groups.
In our study, the two groups were the same in terms of patient satisfaction. This is in agreement with the results of other studies comparing two-and four-implant-supported overdentures with regard to patient satisfaction. 4, 24, 26, 27 The mean calculus score, plaque index, gingival index, and bleeding score were very low in both groups in our study, which is in line with the results of Visser et al., 4 and Meijer et al., 19, 20 who used the same criteria as ours. In our study, however, radiographically visible peri-implant marginal bone loss, pocket depth, and clinically observed inflammation were not correlated. According to Batenburg et al., 28 this may be partly due to the fact that some patients experience severe pain when measuring their pocket depth. Therefore, the possibility of objective measurement of real pocket probing depth around dental implants is questionable. This is not in line with the results of Stroker et al., 29 who reported significantly higher plaque index in the four-implant group in comparison to the two-implant group. According to Stroker et al., 29 the plaque index is influenced by the smaller distance between implants making it more difficult to clean the bars. The loading and type of superstructure may influence the marginal bone loss; with more implants, the risk of peri-implantitis increases. Concerning the lack of a correlation between the presence of plaque and bone loss, observations of this study seem to be in contrast to those of Lindquist et al., 30 who observed 50% more bone loss around implants with plaque-carrying abutments over a 6-year period. Further investigations are required on the prevalence of periimplantitis in patients with mandibular overdentures.
Marginal bone loss is a critical criterion for a successful implant which usually occurs in the first year rather than the subsequent years. 27, 31, 32 The acceptable rate of vertical bone loss is < 0.2 mm annually after the first year of implant placement. 33 In the present study, patients with two-and four-implantsupported mandibular overdentures had no significant difference in terms of marginal bone loss, which supports the findings of previous studies. 4, 6, 26, 34 Stoker et al., 29 however, evaluated 100 patients with three types of mandibular implant-supported overdentures in an 8-year randomized clinical trial. They evaluated aftercare and performed cost analysis. They showed a lower rate of marginal bone loss in those with two compared to four implants and stated that two implants may be preferred for implant-supported overdentures of the mandible. Many studies have evaluated marginal bone loss in patients with implant-supported overdentures of the mandible. As a result of variations in clinical and radiographic parameters used, comparison of such studies would not yield accurate results. Four studies have reported optimal survival rates for four-implantsupported overdentures. [35] [36] [37] [38] The long-term follow-up results in two other studies may explain the high success rates. 39, 40 Superior stability may be achieved by the placement of four implants. Moreover, the movements of the overdenture would be minimized and excessive loading, which compromises osseointegration, would be prevented. 40 The main limitation of our study was the short follow-up, which was due to the interim nature of this study. A long-term study with over 10 years of follow-up is recommended to compare overdentures supported by different numbers of implants with different types of attachments.
conclusIon
Two endosteal implants supporting mandibular overdenture with ball attachments seem adequate. The number of implants did not significantly influence denture maintenance, patient satisfaction, or peri-implant parameters. However, long-term studies are warranted on marginal bone loss.
clInIcAl sIgnIfIcAnce
According to the results of this study, mandibular overdenture with two implants is an appropriate treatment in patients with financial problems or severe resorption of the posterior mandible.
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